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TITLE: Radiotherapy machine including magnetic; resonanrp imaging system 
Abst.rarf. Paragraph T.eft (1) : 

A radiotherapy machine beam treats a region of a subject: while the reg-ion and 
volumes abutting the region are imaged by a magnetic rpsnnance imaging system. The 
beam and an excitation coil assembly of the imaging system are arranged so the beam 
is not incident on the coil assembly and magnetic fields derived from the coil 
assembly do not interact with the beam. The excitation coil assembly includes two 
spaced winding segments for producing a main DC magnetic field; the segments are 
located on opposite sides of the region . In one embodiment, wherein the excitation 
coil assembly is mounted independently of movement of an axis of the beam, the 
winding segments have a common axis generally aligned with an axis about which the 
beam axis turns. A treatment oonoh for the .cjiibjenr fits withi n aligned central 
openings of the winding segments. The coil produces main magnetic field lines that 
extend generally in the same direction as the axis about which the beam turns. In 
other embodiments, the coil assembly moves with the beam axis and the treatment 
couch is between the coil segments. In one such embodiment, each winding segment 
includes a central opening (1) through which the beam axis extends; and (2) 
generally aligned with magnetic field lines established by and extending between the 
segments. In another such embodiment, the beam axis extends through a space between 
the segments, being generally orthogonal to magnetic field lines established by and 
extending between the segments. 

Rrief Summary Paragraph Right: (1) : 

The present invention relates generally to methods of and devices for treating a 
region of a subject with a radiotherapy beam and more particularly to such a method 
and device wherein the region is irradiated by the beam substantially simultaneously 
with a magnetic resonance -imaging system imaging the region . 

Brief Summary Paragraph Right (2) : 

Radiotherapy machines, such as the CLINAC machines manufactured by the assignee of 
the present invention, generally include a linear electron beam accelerator mounted 
on a gantry which rotates on an approximately horizontal axis. The electron beam 
accelerator is usually mounted on the gantry in such a manner that it is offset from 
the horizontal rotational axis of the gantry. The high energy electron beam emerging 
from the accelerator is further processed by techniques well-known to those 
experienced in the art to produce either an electron beam or an X-ray beam suitable 
for patient treatment. In either case the radiation is collimated in a treatment 
beam which is caused to travel in a direction perpendicular to the rotational axis 
of the gantry in such a manner that the axis of the treatment beam intersects the 
rotational axis of the gantry. The point at which the axis of the treatment beam 
intersects the rotational axis of the gantry is the focal point of the treatment 
beam and is referred to as the isooenter of the radiotherapy machine. 

Brief Summary Paragraph Right (3) : 

In a radiotherapy machine the pari ent is placed on a treatment couch that can be 
precisely positioned to locate the treatment region, which is usually a cancerous 
tumor or lesion in the patient, on the rotational axis of the gantry at the 
isocenter of the radiotherapy machine. Thus, by rotating the gantry, the source of 
the treatment beam can be rotated around the patient during treatment, thereby 
minimi zi ng the amount of treatment radiation passing through any one region of the 
patient 1 a body near the treatment region while the beam always passes through the 
treatment regi on itself. Excessive irradiation of non-diseased tissue, especially 
those tissues abutting the diseased treatment regi on, causes undesirable cell damage 
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and cell death in healthy tissue. 



Rri ef Summary Paragraph Right (4) : 

Among practitioners of current radiotherapy treatment art it is well-known that 
minimum abutting cell damage generally occurs when the diseased treatment region -in 
the patient is precisely inrat-.fld at th e isorpni-pr of the radiotherapy machine. 
However, several limitations of the present art make it difficult to achieve the 
desired precise positioning of the diseased region of the patient- at the i RnrpnhPr 
of the radiotherapy machine . 

Brief Summary Paragraph Right (5) : 

One reason for this difficulty is that diseased tissue in a pati ent usually is 
surrounded by, or is adjacent to, other soft tissue which is materially similar to 
the diseased tissue. The similarity of the tissues makes it difficult to precisely 
define the exact boundaries of the diseased tissue using current diagnostic and 
imaging techniques appropriate for radiotherapy machines. 

Brief Summary Paragraph Right (6) : 

One past attempt to overcome this problem has involved using relatively low contrast 
two-dimensional X-ray-based -imaging of t-he region whpn rhe subj ect is pn.d-i tinned on 
the radiotherapy machine. The X-ray-based imaging systems have generally relied on 
detecting X-rays in the same X-ray beam which is used for radiotherapy purposes. 
However, low contrast two-dimensional x-ray-base d -imaging of the region does not 
enable the true position of the region including the tumor or lesion to be 
definitely located . The difference in X-ray absorbance between different soft tissue 
structures and between cancerous and non-cancerous soft tissues frequently ranges 
from small to undetectable. Only the bones, which absorb X-rays more strongly, can 
be readily imaged and precisely located by this means. Determining the true position 
of the soft tissue region to be treated is difficult because due to its lack of 
rigidity the region moves relative to the nearby bones of the subject as a result of 
unavoidable body movements of the subject on the treatment conch . The uncertainty in 
determining the true position of the region exists even when fiducial markers are 
inserted into the tumor because patient movement is likely to cause the fiducial 
markers to move . 

Brief Summary Paragraph Right (7) : 

Because the region desired to be treated is usually not located exactly as planned 
with respect to the isocenter of the radiotherapy system, insufficient quantities of 
radiotherapy beam energy are deposited in the region desired to be treated and 
excessive amounts of radiotherapy beam energy are deposited in healthy tissue in a 
volume abutting the region desired to be treated. Consequently, the tissue in the 
abutting volume is subjected to undesired and unnecessary damage so healthy organs 
adjacent the tumor site are damaged. 

Brief Summary Paragraph Right (8) : 

Because of the general inability to focus the radiotherapy beam with sufficient 
precision on the region desired to be treated, current medical practice is to 
increase the irradiated area to include additional tissue volume and to increase the 
dosage of the radiotherapy beam to ensure complete cell death in the region desired 
to be treated. The expectation is that all cells in the treated region are killed 
and possible positioning errors between the beam and the region are compensated. 
However, such techniques inevitably cause increased collateral radiation damage to 
the volume abutting the desired region to be treated, in some cases resulting in 
devastating quality of life effects on the subject . It is, accordingly, an object of 
the present invention to p rovide a new and improved method of, and apparatus for 
enabling a radiotherapy beam to be accurately positi oned on a desired region to be 
treated by the beam. 

Brief Summary Paragraph Right ( 9) : 

Another object of the invention is to provide a new and improved method of, and 
apparatus for enabling a radiotherapy beam to be precisely positioned on a region 
desired to be treated, wherein the apparatus used to determine whether the beam is 
properly located is easily retrofitted on existing radiotherapy devices. 

Brief Summary Paragraph Right (10) : 

An additional ob j ect of the invention is to provide a radiotherapy machine including 
a magnetic resonance imaging system for acquiring 2D and 2H spatially resolved 
high-contrast images of soft tissue structures and organs within and abutting the 
region desired to be treated. 
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Rrief Su mmary Paragraph Right (11) : 

An additional object of the invention is to provide a radiotherapy machine including 
a magneti c resonance imaging system, wherein an excitation coil assembly of the 
imaging system is arranged so that a radiotherapy beam of the radiotherapy machine 
is not incident on the coil assembly and wherein the coil assembly is arranged so 
subjects to be treated can easily be placed in the path of the radiotherapy beam, on 
a treatment couch. 

Brief Summary Paragraph Right (12) : 

An additional object of thf> invention is to provide a new anH imprnvpH radiotherapy 

machine in combination with a system for directly detecting the effect of the 
radiotherapy beam on an irradiated region, particularly the contents of tissue cells 
in the region, and to spatially resolve the effect of the irradiation to enable real 
time three - d i men s i ona 1 correlation between the shape, posi ti on and intensity of the 
region actually being irradiated and the known location of a region desired to be 
irradiated, where a tumor or lesion is located. 

Rrief Summary Paragraph Right (13) : 

A further ob j eot of the invention is to provide a new and improved radiotherapy 
machine in combination with a relatively low cost device for determining whether, 
and the degree to which tissue in a region desired to be treated by a radiotherapy 
beam is actually being treated. 

Brief Summary Paragraph Right (14) : 

Still a further object of the invention is to provide a new and improved X-ray beam 
therapy device in combination with a magneti c resonance imaging system, wherein 
secondary electron skin dosage resulting from bombardment of the skin by the X-ray 
beam is substantially reduced by the magnetic field of the coils of the imaging 
system. 

Rrief Summary Paragraph Right (15) : 

In accordance with one aspect of the present invention, these and other objects are 
achieved by treating a region of a subject with a radiotherapy beam while the regi on 
and volumes abutting the region are imaged by a magnetic resonance imaging system. 
The beam and an excitation coil assembly of the imaging system are arranged so the 
beam is not incident on the coil assembly and also so that magnetic fields derived 
from the coil assembly do not perturb the particle trajectories in the beam in the 
case where the radiotherapy beam is composed of charged particles such as electrons. 



Brief Summary Paragraph Right (16) : 

The excitation coil assembly of the imaging system preferably includes first and 
second spaced segments for producing a main DC magnetic field; the segments are 
located on opposite sides of the region . 

Brief Summary Paragraph Right (17) : 

In one embodiment, wherein the excitation coil assembly is mounted independently of 
movement of the treatment beam axis, the first and second excitation coil assembly 
segments have a common axis substantially coincident with an axis that passes 
through the region to be treated and about which the beam axis turns. A subject 
carrying structure, e.g., a treatment couch, fits within al igned central openings of 
the coil segments. The beam axis passes between the two segments at right angles to 
the main magnetic field lines produced by and extending between the segments . 

Brief Summary Paragraph Right (18) : 

In other embodiments, the coil assembly is mounted so it moves as the beam axis 
moves . 

Brief Summary Paragraph Right (19) : 

In one of these embodiments, each of the first and second coil segments includes a 
central opening having a common axis. The beam axis extends through the central 
openings of both coil segments and is generally aligned with magnetic field lines 
established by and extending between these segments. In another embodiment, the beam 
axis extends through a space between the segments and is generally at right angles 
to magnetic field lines established by and extending between the segments. The 
latter arrangement, which does not have a central opening in the coil segments, is 
advantageous because it establishes a higher intensity magnetic field than the 
arrangements with such an opening. 
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Brief Summary Paragraph Right- (20) : 

A feature of the invention is that the magnetic field derived from the excitation 
coils of the magnfitir resonance imaging system is relatively low, sufficient to 
provide only the minimum necessary spatial resolution and sensitivity for 
determining whether the radiotherapy beam is incident on the desired -r^g-i on to be 
treated. The magnetic field density is sufficiently low that conventional 
copper- wound water cooled coils can be employed to generate the main magnetic field, 
although superconducting magnetic coil assemblies, cooled to a liquid helium or 
liquid nitrogen temperature, can be employed if desired. 

Brief Summary Paragraph Right (21) : 

If a liquid helium- cooled superconducting coil generates the magnptir rpsnnanrp 
imaging system main magnetic field, commercially available high temperature 
superconducting supply leads preferably establish external connections between the 
superconducting coil and a DC power supply for exciting the superconducting coil. 
The high temperature superconducting supply leads block heat leakage from the liquid 
nitrogen temperature at which they are maintained, i.e., 77. degree. K, to the low 
temperature superconducting coil at 4. 2. degree. K. Thereby, the low temperature 
superconducting coil is not required for reasons of heat leakage to operate in the 
persistent mode without supply leads connected, hence the current in the coil can be 
pulsed on and off by an external supply without an unacceptable increase in liquid 
helium consumption. By pulsing the high temperature superconductor supply leads on 
and off synchronously with pulsing an electron radiotherapy beam off and on, the 
magnetic rpsnnanrp imaging system has no adverse deflection effects on electrons in 
the radiotherapy electron beam. 

Brief Summary Paragraph Right (22) : 

To reduce the required strength of the magnetic field derived from the resonance 
imaging system magnetic coils, a radio frequency pickup coil of the resonance 
imaging system is preferably a superconductor. This enables the main magnetic coil 
of the resonance imaging system to have a relatively small size, to facilitate 
retrofitting the main coil to existing radiotherapy machines and reduce the cost of 
a facility including the structure of the invention. The superconducting radio 
frequency coil is preferably a high temperature superconductor formed from oriented 
high temperature superconducting films grown on metal foils or on planar oxide 
single crystal substrates. A further feature of the invention is that leakage 
magnetic fields originating in the radiotherapy machine are decoupled from magnetic 
fields originating in the magnetic resonance imaging system and leakage magnetic 
fields originating in the magnetic resonance* imaging system are decoupled from the 
radiotherapy linear accelerator. The decoupling is preferably provided by 
compensating coils positioned outside the imaging system coils and by a coil or 
coils surrounding the linear accelerator and its associated components. 

Brief Summary Paragraph Right (23) : 

A feature of the present invention is the capability of the magnetic resonance 
imaging system to detect changes in nuclear magnetic resonance spectral parameters 
of the image region due to the effects of the radiotherapy beam irradiating the 
tissue desired to be treated by the beam. 

Brief Summary Paragraph Right (24) : 

At thermal equilibrium in a magnetic field, the magnetic moment of a nucleus is 
a I igned with the magnetic field. When perturbed from this alignment, the magnetic 
moment precesses around the applied field at the characteristic resonance frequency 
of the particular nuclear species (often a hydrogen nucleus or proton) . The 
variation of the applied magnetic field at different atomic sites in a molecule due 
to the shielding effects of the surrounding electrons causes small shifts in the 
resonance frequencies of similar nuclei. The nature of the environment of the 
resonating nuclei determines the rate at which the resonance decays, or relaxes. 
These differences in resonance frequencies can be resol veH and used to analyze 
molecular structures. Alternatively, the resonance frequencies can be modified by 
the imposition of a magnetic field gradient across a sample in which case the 
resonance frequency is a function of the position of a particular nuclear spin 
within the sample. This forms the basis of nuclea r magnetic resonance imaging 
systems . 

Brief Summary Paragraph Right (25) : 

In either case, application of an rf pulse with a frequency close to that of the 
natural resonance frequency of the spins is used to perturh the nuclear magnetic 
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moment. The perturbation rotates the nuclear magnetic moment away from its__alignmenti 
with the applied magnetic field. A rotation of 90. degree, produces a maximum 
magnetization transverse to the magnetic field while a 180. degree, rotation results 
in an inversion of the initial magnetization but no transverse magnetization. It is 
the transverse component of magnetization which precesses about the applied magnetic 
field and which can be detected in an NMR spectrometer. Following a pprt-nrhatinn f 
two relaxation times characterize the return to thermal equilibrium. In addition to 
precessing, the transverse magnetization decreases in amplitude with a 
characteristic time constant T2, the spin- spin relaxation time. The component of 
magnetization parallel to the applied field returns to its initial value with a 
characteristic time constant Tl # the spin-lattice relaxation time. Both of these 
relaxation times are affected by the magnetic influences of neighboring atoms and 
molecules. In particular, the presence of free radicals with their strong electronic 
magnetic moment can modify the relaxation times and resonance frequencies of nearby 
nuclei. The measurement of resonance frequencies and relaxation times can be 
combined with nmr imaging methods to provide nmr spectral data which is correlated 
with spatial pos±Linn. 

Rrief Summary Paragraph Right- (26) : 

Because of the high sensitivity of the nmr spectral parameters to differences in the 
magnetic environment of nuclei in different types of soft tissue i.e. between the 
tissues in different body organs or between cancerous and non- cancerous tissues, the 
nmr image of soft tissue structures achieves much greater contrast than an X-ray 
image of the same tissue volume . Additionally the MR image contains 3H rather than 
2D positional information. The posi ti on of the cancerous tumor or lesion in the soft 
tissue can therefore be determined directly on the radiotherapy machine with much 
greater precision than by inferring the presumed position of the tumor with 
reference to the position of the nearby bones obtained from an X-ray image. 

Rripf Summary Paragraph Right (27) : 

In addition, because of the large change in NMR spectral parameters induced by the 
presence of free radicals, which are one of the primary products of the irradiation 
of tissues by the radiotherapy beam, both the spatial location and the intensity of 
the irradiation effects of the radiation therapy beam on the tissues within the 
imaged volume can be determined in real time during treatment. 

Brief Summary Paragraph Right (28) : 

In accordance with an aspect of the present invention, the analytical capability of 
a magnetic resonance imaging system is used to detect changes in nuclear magnet io 
rp.snnanrp spectral parameters due to effects of the radiotherapy beam irradiating 
the tissue. The radiotherapy beam incident on selected tissue causes free radicals 
and ionization products to be produced in the tissue. The presence of these can be 
detected and imaged. The radiotherapy beam, the high intensity magnetic fields and 
the rf pulse of the magnetic resonance imaging system thus interact to enable 
three-dimensional spatial distribution information to be derived for the radiation 
dose of the radiotherapy beam deposited in the treated and abutting tissue during 
the treatment process. The thrpp-H-impn.qi nnal information is derived by using known 
magnetic resonance imaging techniques and by correlating the detected data with the 
beam axis position and the known beam cross -sectional geometry and intensity. The 
three-dimensi nnal information relating to the spatial distribution of the 
radiotherapy beam on the treated tissue is correlated with previously gathered and 
therefore known three -dimensi nnal data concerning the position of the cancerous 
tissue desired to be treated. Thereby, the radiotherapy beam can be confined to the 
tissue desired to be treated and controlled so it is not incident on the abutting 
tissue. This enables the total radiation dose to the subject from the beam to be 
reduced and collateral damage to healthy tissue minimized . An MR image in absence of 
radiation will show cancerous tissue. With the beam on, the MR image will show the 
extent of tissue being irradiated. 

Brief Summary Paragraph Right. (29) : 

The above and still further objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed 
description of specific embodiments thereof, especially when taken in conjunction 
with the accompanying drawings. 

Drawin g Description P aragraph Right (2) : 

FIG. 2 is a side view of a radiotherapy machine, in combination with spaced 
stationary DC excitation coil segments of a magnetic resonance imaging system, 
wherein (1) a radiotherapy beam axis is generally at right angles to the direction 
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of main magnetic flux Tines extending between the spaced segments, (2) a treated 
rpginn nf a subject is in a space between the segments, and (3) the segments include 
a central opening to accommodate the subject; 



Drawing Descri p i- i on Paragraph Bight: (4) : 

FIG. 4 is a side view of a radiotherapy machine, in combination with spaced DC 
excitation coil segments of a magnetic resonance imaging system, wherein (1) the 
segments are mounted so an axis of a radiotherapy beam goes through a central 
opening of the segments, in general alignment, with main magnetic field lines 
extending between the segments, (2) a treated rpginn nf the subject- is in a space 
between the segments, and (3) the segments include a central opening to accommodate 
the beam; 

Drawing Description Paragraph Right (6) : 

FIG. 6 is a side view of a further embodiment of the present invention, wherein (1) 
spaced DC excitation coil segments of a magneti c rpsnnanrp. imaging system move with 
a radiotherapy beam axis and are arranged so main magnetic field fines derived from 
the coil segments are generally at right angles to the radiotherapy beam axis, (2) 
the treatment region is between the two coil segments, and (3) the segments do not 
have a central opening; 

Drawing Description Paragraph Right (8) : 

FIG. 8 is a top view of a portion of the apparatus illustrated in FIG. 6, 
particularly of the position of X, Y, and Z axis gradient coils of the magnetic 
resonance imaging system; 

Drawing Description Paragraph Right (9) : 

FIG. 9 is a top view of the apparatus illustrated in FIG. 6, wherein a coil segment 
of the magnetic rp.qnnanrp imaging system is turned 90. degree, to enable ease of 
access by a patient to the treatment couch of the radiotherapy device; 

Drawing Description Paragraph Right (10) : 

FIG. 10 is a side view of the magnetic resonance imaging coil of FIG. 6, in 
combination with a coil arrangement for substantially canceling leakage magnetic 
fields from the coil; 

Drawing Description Paragraph Right (11) : 

FIG. 11 is a side view of an optional configuration that can be used with the 
radiotherapy machines and the magnetic rpsnnanrp imaging system of FIGS. 5 and 6, 
wherein a treatment couch carrying a auh j ect to be treated by the radiotherapy 
machine is moved on non-magnetic tracks from one of several waiting positions to an 
operative position at the radiotherapy machine; and 

Detailed Description Paragraph Right (1) : 

Reference is now made to the block diagram of FIG. 1, wherein the apparatus of the 
present invention is illustrated as including a relatively conventional radiotherapy 
machine 20, a magnetic resonance imaging system 22 and controller 24 for devices 
included in machine 20 and system 22. Radiotherapy machine 20 includes a 
radiotherapy beam source, in the form of an X-ray beam or pulsed electron beam 
source 26, a gantry for carrying source 26, drive motor 28 for the gantry, and a 

treatment couch on which a subject (patient) is located. The treatment couch 

includes a subject- receiving bed that is selectively positioned in the horizontal 
plane along X and Z axis directions and in the vertical , Y axis direction; 
horizontal and vertical movements of the bed are provided by horizontal and vertical 
drive motors 31, 33 and 35. Radiotherapy machine 20 also includes coil 30 which 
encircles the linear accelerator and substantially cancels external leakage magnetic 
fields associated with the linear accelerator so these leakage fields do not have an 
effect on the operation of magnetic resonance imaging system 22. 

Detailed Description Paragraph Right (2) : 

Magnet ic resonance imaging system 22 includes a main DC magnetic coil assembly 32 
having two spaced winding segments between which is located a region to be treated 
by the radiotherapy beam. The winding segments of assembly 32 are supplied with DC 
current by source 36 to produce the main magnetic DC field of system 22. Magnetic 
coil assembly 32 is positioned to produce a main DC magnetic field in the region of 
the su bject at the location of the tissues desired to be destroyed by the 
radiotherapy beam of machine 20. The magnitude of the DC magnetic field produced by 
assembly 32 is sufficient to precess protons of body tissue cells of the subject- in 
the region. Assembly 32 can include copper wire wound water cooled winding segments 
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(to minimi ze the cost of system 22) or high temperature superconducting winding 
segments cooled by a liquid nitrogen source or low temperature wire winding segments 
cooled to liquid helium temperatures by liquid helium source 34. 

Derailed Dft.grripfinn Paragraph Right (4) : 

If the low temperature superconducting coils are employed in assembly 32 to generate 
the , main magnetic field of imaging system 22, the coils of assembly 32 are 
preferably connected to source 36 by high temperature superconducting leads 38, 
formed of commercially available materials. Leads 38, being maintained at a 
superconducting temperature of 77. degree. K by liquid nitrogen source 40, block heat 
leakage from source 36 to the 4. 2. degree. K superconducting coils of assembly 32 so 
the coils of assembly 32 are not required to operate in a persistent mode. Since the 
coils of assembly 32 need not be operated in the persistent mode, the coils can be 
pulsed on and off, as is necessary if the beam of radiotherapy machine 20 is an 
electron beam. If the radiotherapy beam of machine 20 is an electron beam, the 
electron beam must be pulsed and the magnetic fields of imaging system 22 must be 
pulsed off when the electron beam is produced, so the imaging system magnetic fields 
do not deflect the electron beam charge carriers . 

Detaile d rescript- i on Paragraph Right (5) : 

Magnet in rpsnnanrp imaging system 22 also includes rf coil 42 which excites protons 
in the image d_reg±oja treated by the radiotherapy beam so the protons precess at a 
frequency determined by (1) the atoms containing the protons,* and (2) the magnitude 
of the magnetic fields where the protons are located. Rf coil 42 is either a 
conventional wire wound coil or is a high temperature superconductor, cooled to 
liquid nitrogen temperatures or a low temperature superconductor, cooled to a 
temperature close to that of liquid helium. 

Detailed Description Paragraph Right (6) : 

Rf coil 42 is supplied with rf energy by pulsed rf source 44 which derives short 
duration pulses having a carrier frequency related to the precessing frequency of 
protons in the imaged and treated region. Rf receiver 46 responds to rf energy from 
the precessed protons and coupled back to coil 42 after the pulse from source 44 has 
subsided. The frequency of the energy coupled by coil 32 to receiver 46 is 
determined by the precessing frequency of protons in the region of the snhjert 
exposed to the DC magnetic fields of system 22, and the types of atoms in the region 
of the subject coupled to the magnetic fields derived fro m imaging system 22. By 
employing rf excitation pulses from rf source 44 to align the spins and then using 
delayed probe pulses to monitor the time -dependent signal amplitude at the various 
precession frequencies, it is possible to derive the relaxation times Tl and T2 . 
Appropriate pulse sequences to accomplish this have been developed by those skilled 
in the art of magnetic resonance imaging. For example an 180. degree, excitation 
pulse to align the spins followed by a 90. degree, probe pulse may be employed to 
measure Tl and a 90. degree, excitation pulse to align the spins followed by a 
180. degree, probe pulse may be used to monitor T2 . More complex pulse sequences well 
known to those skilled in the art are employed to improve sensitivity and accuracy 
and these are combined with established signal processing techniques to provide a 
spatially rpsnlvpd image where the pixels are weighted according to the local values 
of the relaxation times. Since the precessing frequency of protons in the imaged and 
treated region and in particular the values of the relaxation time parameters Tl and 
T2 are affected by the irradiation products of the radiotherapy beam, the frequency 
and the time -dependent amplitude of the rf energy coupled back to coil 42 is a 
function of whether or not the radiotherapy beam is incident on the imaged tissue. 

Detailed Description Paragraph Right (7) : 

The rf receiver 46 supplies an rf signal to spectrometer of unit 48 and display unit 
48. The spectrometer preferably combines the capability of fast Fourier transform 
analysis of chemical shift spectra employed in chemical nuclear magnet i c resonance 
systems with the Tl and T2 relaxation time measurement capability an d gradient coil 
driving electronics of magnetic resonance imaging systems, while the display is of 
the three-dimensi onal type usually used in magnetic resonance imaging systems. 
Thereby, spectrometer and display unit 48 includes a fast Fourier transform computer 
program to determine the frequency content of the rf energy coupled by coil 42 to 
receiver 46. 

Detailed Description Paragraph Right (8) : 

Because spectrometer and display unit 48 includes a fast Fourier transform program 
and relaxation time measurement capability, magnetic resonance imaging system 22 
uses the analytical capability of system 22 to detect changes in the nuclear 
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magnet- A n rppnuanre (NMR) spectral parameters (including the relaxation times) 

derived from the region irradiated by the radiotherapy beam of machine 20. 
Characteristic changes in the local nmr spectral parameters result from the effects 
of irradiation by the radiotherapy beam on tissue in the region. Consequently, 
spectrometer and display unit 48 is able to p-rovide Mirpp-ri-impnginnai information 
concerning the spatial distribution of the radiotherapy beam from machine 20 on 
tissue in the subject while the tissue is being treated by the radiotherapy beam. 
The three-dimensional information is derived from the display of unit 48 and is 
correlated either by an operator or- an^nma^^ra^1y by a computer (not shown) with 
information concerning the location of the Hpaire d area to be treated, e.g., the 
posi ti on of the cancerous cells in the patient . In response to this correlation, the 
position of th e patient and therefore of the tissue irradiated by the radiotherapy 
beam is moved by the operator controlling motors 31, 33 and 35 for the posi t-i on of 
the treatment couch of machine 20 or by an automatic feedback system (not shown) for 
controlling couch position. 

Detailed Description Paragraph Right (9) : 

Basically, spectrometer and display unit 48 monitor changes in the nuclear magnetic 
resonance spectral parameters of the magneric resonanre imaging system 22 . These 
changes in the nuclear magnetic resonanre spectral parameters are directly 
responsive to the effects of irradiation of the cancerous cells being treated by the 
radiotherapy beam. This information enables real time three-di mensional correlation 
between the shape, position and intensity of the irradiated volume and the location 
of the region desired to be treated, i.e., the region containing the cancerous 
cells . 



Detailed Descr iption Parag raph Right (10) : 

If rf coil 42 includes a superconductor, preferably a high temperature 
superconductor, cooled to the 77. degree. K temperature of liquid nitrogen, the 
magnitude of the main magnetic field derived from the coil of assembly 32 can be 
substantiall y reduced . This enables the magnetic coil of assembly 32 to be 
substantiall y reduced in volume to facilitate retrofitting the winding segments of 
this coil assembly to radiotherapy machine 20. Preferably, the high temperature 
superconductor included in coil 42 is made from oriented high temperature 
superconductor films grown on metal coils with appropriate buffer layers or on 
planar oxide single crystal substrates. 

Detailed Description Paragraph Right (11) : 

Magnetic resonance imaging system 22 also includes assembly 50 containing DC 
gradient coils for X 1 , Y f and Z* coordinate axes that are somewhat different from 
the X', Y 1 and Z ! coordinate axes for the couch of machine 20. The X ! and Z 1 axes 
are in the horizontal plane but are displaced 45. degree, from the X and Z axes while 
the vertical Y and Y 1 axes are coincident. The gradi ent coils of assembly 50 are 
supplied with variable amplitude DC currents from source 52 such that at different 
times the amplitudes of the gradi ent magnetic fields produced by the coils of 
assembly 50 vary. 

Detailed Description Paragraph Right (12) : 

The gradient coils of assembly 50 are mounted so the radiotherapy beam is not 
incident on them and the gradi ent coils do not interfere with the beam supplied by 
radiotherapy machine 20 to the subject . To this end, the X 1 and Z 1 coils, which are 
at right angles to the axis of the radiotherapy beam incident on the subject, are 
mounted on the coils of assembly 32, as described in detail infra. The coils of 
assembly 50 which establish the Y' axis magnetic field that is either vertical or 
which extends in the same general direction as the axis of the radiotherapy beam 
incident on the subjec t are positioned in different verti cal planes or in different 
planes at right angles to the beam axis and include openings enabling the beam to 
propagate through them. 

Detail ed Description Parag raph Right (13) : 

If machine 20 irradiates the subject with an electron radiotherapy beam, source 52 
is pulsed on and off simultaneously with source 36 pulsing the coils of assembly 32 
on and off so the magnetic fields derived from the gradient coils are not produced 
while the electron beam is on. Thereby, the gradi ent magnetic fields produced by the 
gradi ent coils of assembly 50 do not have a tendency to deflect the pulsed electron 
radiotherapy beam. 

Detailed Description Paragraph Right (14) : 

If machine 20 irradiates the subject with an X-ray radiotherapy beam, magnetic 
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rmnnanrf* imaging system 22 also includes DC coils of assembly 54; the coils of 
assembly 54 are supplied with DC current by source 56. The coils of assembly 54 are 
arranged, as described infra, to produce magnetic fields to suppress leakage 
magnetic fields derived from the coils of assemblies 32 and 50 of imaging system 22 
so these leakage fields are not coupled to the linear accelerator structure of 
radiotherapy machine 20. If radiotherapy machine 20 is used exclusively to derive an 
electron beam, the coils of assembly 54 and DC source 56 are not necessary because 
the magnetic fields from assemblies 32 and 50 are not on while the linear 
accelerator of the radiotherapy machine is producing a pulsed electron radiotherapy 
beam. 

Detail pri Description Paragraph Right (15) : 

Controller 24, which can be operated by an operator or automatical 1 y in a fully 
automatic system, includes selector 60, synchronizer 62 and couch position 
controller 64. Selector 60 supplies signals to couch position controller 64 to 
activate X, Y and Z axis drive motors 31, 33 and 35 for the patient receiving bed 
movably mounted on the conch of radiotherapy machine 20 so these drive motors are 
energized at times while (1) no beam from radiotherapy machine 20 is incident on the 
subject on the couch ; and (2) the coils of assemblies 32 and 50 and the rf coil 42 
of imaging system 22 are deactivated. At other times, selector 60 controls 
synchronizer 62 so radiotherapy beam source 26, if it is an electron beam source, is 
pulsed on while DC sources 36 and 52 are pulsed off and vice versa. Similarly, 
pulsed rf source 44 is controlled by synchronizer 62 to be inactive while an 
electron beam is derived from source 26. 

Detailed Description Paragraph Right (16) : 

Reference is now made to FIGS. 2 and 3 of the drawing wherein radiotherapy machine 
20 is illustrated as including housing 100 (that carries radiotherapy beam source 
26) and treatment couch 102 on which patient P is located. Patient P includes 
cancerous tissue regi on R that is irradiated by radiotherapy beam 104, derived from 
the radiotherapy beam source of machine 20. Housing 100 includes floor mounted 
upright compartment 106, floor-mounted pedestal 108 and gantry 110 comprised of 
vertically extending shoulder 112 to which hori zontal ly extending arm 114 is fixedly 
mounted. Gantry 110 is rotated about horizontal axis 116 by gantry drive motor 28, 
fixedly mounted in upright compartment 106. Gantry arm 114 carries linear 
accelerator 118 and associated electron optics including bending magnet 120 which 
bends a highly energetic electron beam produced by the linear accelerator. The 
electron beam propagates in accelerator 118 in the horizontal direction, parallel to 
axis 116 and is deflected by the electron optics of accelerator 118 along beam axis 
122 that is at right angles to axis 116. In some radiotherapy machines, radiotherapy 
beam 104 is an electron beam while in other radiotherapy machines, the radiotherapy 
beam is comprised of X-ray photons. In the latter case, X-ray target 124 is 
posit i oned in the path of the electron beam derived from the linear accelerator and 
the electron optics including bending magnet 120. 

Detailed Description Paragraph Right (17) : 

The electron optics for the beam derived by linear accelerator 118 and X-ray optics 
for the beam derived from X-ray target 124 are such that radiotherapy beam 104 is 
focused on region R of patient p at the i oocenter of the radiotherapy machine where 
the cancerous tissue to be treated is located . Region R, the region desired to be 
treated by radiotherapy beam 104, is at the intersection of axes 116 and 122. 

Detailed Description Paragraph Right (18) : 

To assist i n positioning region R at the intersection of axes 116 and 122, treatment 
couch 102 includes fixed floor-mounted pi atf orm 126 which carries X axis, Y axis and 
Z axis motors 31, 33 and 35 for moving pati ent -oarryi ng bed 128 in three mutually 
orthogonal directions, such that bed 128 is moved in the hori zontal plane in the X 
and Z axes directions and is moved in the vertical direction along the Y coordinate 
axis . 

Detailed Description Paragraph Right (19) : 

Radiotherapy machine 20, as previously described, is conventional. In the present 
invention, wherein magnetic rpsnnanrp imaging system 22 is included in combination 
with machine 20, leakage magnetic fields produced by linear accelerator 118 and 
bending magnet 120 are preferably decoupled from magnetic fields of the magnetic 
resonance imaging system. To this end, leakage field cancellation DC coils 30 
surround linear accelerator 118. Preferably DC coils 30 comprise cancellation coil 
130, approximately solenoidal in form, that surrounds accelerator 118 and 
cancellation coil 133 that surrounds bending magnet 120. Solenoid coil 130 in turn 
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surrounds an iron sleeve 131 including oppositely disposed end caps 132 between 
which extends iron tube 134. This provides a magnetic return path for the majority 
of the leakage field from the focusing solenoid of accelerator 118 and reduces the 
current required in cancellation coil 130. One of end caps 132 has a central opening 
through which extend electric leads for supplying power to linear accelerator 118. 
Tube 134 has an opening al igneri with axis 122; the opening in tube 134 has a 
diameter sufficient to enable the electron beam derived by accelerator 118 to pass 
in an unhindered manner out of the leakage field cancellation system for the 
accelerator. Additional openings are provided in endcaps 132 and tube 134 for 
waveguides, electrical supply leads and coolant. 

Hpfailfi H Degrript-ion Paragraph Right. (20) : 

In the embodiment of FIGS. 2 and 3, main DC excitation coil assembly 32, rf coil 42, 
gradient coils 50 and leakage field suppression coils 54 are fixedly mounted by 
struts (not shown) on pedestal 108 or the floor carrying the pedestal so nrnypmpnt of 
these coils is independent of turning of linear accelerator 118 about axis 116. Main 
DC excitation coil 32 preferably carries rf coil 42, gradient coils 50 and leakage 
field suppression coils 54. 

Derailed npRrripfinn Paragraph Right (21) : 

Main excitation coil 32 includes two verti rally extending, horizontally spaced 
winding segments 136 and 138, each having a central opening 137 generally align e.d 
with axis 116. Coil segments 136 and 138 surround pari enr p and bed 128. Coil 
segments 136 and 138 produce hnr-i *nnral ly extending main DC magnetic field lines 140 
that are directed generally at ri ght angles to radiotherapy beam axis 122 and extend 
through treatment regi on R of patient P. Coil segments 136 and 138 are spaced from 
each other so region R is between them. Beam 104 extends between coil segments 136 
and 138 so the radiotherapy beam does not intersect any portion of coils 32, rf coil 
42, gradient: coils 50 or leakage field suppression coils 54. 

Derailed DfiRcription Paragraph Right (22) : 

To these ends, as illustrated in FIG. 8, X axis gradient DC coils 142, 143 are 
positioned at and carried by a pair of diagonally opposite corners of DC excitation 
coil segments 136 and 138 Z 1 axis gradi enr DC coils 144, 145 are pofii tinned at and 
carried by the remaining pair of diagonally opposite corners of segments 136 and 
138. Coils 142-145 are mounted on the rpnter portions of coil segments 136 and 138, 
at the level of bed 128 to produce in region R horizontally directed DC gradient 
field lines that are at right angles to each other. Y' axis gradient DC coils 146, 
147 are po.qi Mnnpd at upper and lower edges of coil segments 136 and 138 to produce 
vertically directed magnetic field lines through region R. Rf coil 42 is fixedly 
mounted inside of, and to coils 142-145 to supply an rf field to region R and 
respond to an rf field coupled back to it from regi on R after the applied rf field 
has subsided. 

Detailed Description Paragraph Right (23) : 

To suppress the leakage field produced by coil segments 136 and 138, and thereby 
confine magnetic field lines 140 to the region between the coil segments so the 
leakage field does not have an effect on the magnetic field linear accelerator 118, 
DC field suppression coils 54 are formed as a pair of segmented coil windings 154 
and 156, as illustrated in FIG. 10. Segments 154 and 156 are respectively carried by 
and located outside of coil segments 136 and 138 and have central openings with 
internal diameters slightly less than the internal diameters of coil segments 136 
and 138. Coil segments 152 and 154 have external diameters slightly in excess of the 
external diameters of coil segments 136 and 138. Coil segments 152 and 154 produce 
magnetic fields which are directed oppositely to and have a magnitude substantially 
equal to the leakage fields of winding segments 136 and 138 to provide the desired 
cancellation; this result is achieved by appropriate DC excitation and winding 
arrangements of coil segments 152 and 154. 

Derailed Description Paragraph Right (24) : 

Reference is now made to FIGS. 4 and 5 of the drawing, wherein main DC excitation 
coil assembly 32, rf coil 42, gradi ent coils 50 and leakage suppression coils 54 are 
configured substantially the same as illustrated in FIGS. 2, 3. However, in the 
embodiment of FIGS. 4 and 5, coil assembly 32, rf coil 42, gradi ent coils 50, and 
leakage suppression coils 54 are carried by and fixedly attached to gantry 110 so 
all of these coils rotate about axis 116. To simplify the drawing, in FIGS. 4 and 5 
only split winding segments 160 and 162 of coil assembly 32 are illustrated, it 
being understood that rf coil 42, gran 1 i enr coils 50 and leakage suppression coils 54 
are configured basically the same in the embodiment of FIGS. 4 and 5 as in the 
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embodiment of FIGS. 2, 3. Winding segments 160 and 162 are fixedly connected to 
gantry no by struts 164 and spaced from each other so patient P and bed 12 8 are 
between them. 

Dp tailed Desoripti nrt Paragraph Right (25) : 

Each of coil segments 160 and 162 includes a central opening 166 having a common 
axis 164 that is substantially coincident with axis 122 of radiotherapy beam 104 and 
extends through region R. Winding segments 160 and 162 are wound and energized so 
that main DC magnetic field lines 168, which extend between the coil segments, are 
generally in planes parallel to axes 122 and 164 . 

n^ta-ilpd Description Paragraph Right (26) : 

Winding segments 160 and 162 of coil assembly 32, as well as rf coil 42, gradi pnt 
coils 50 and leakage suppression coils 54, are arranged so beam 104 is not incident 
on any of these coils or winding segments. Because of the substantial coincidence 
between axis 164 of openings 166 of winding segments 160 and 162 and radiotherapy 
beam axis 122, the excitation winding segments of the embodiment of FIGS. 4 and 5 
have a smaller center opening than the renter opening of the winding segments in the 
embodiments of FIGS. 2, 3. As a result of the smaller_cjenLer opening in the 
embodiments of FIGS. 4 and 5, winding segments 160, 162 supply a higher imaging DC 
magnetic field strength to r-^gi on r than winding segments 136, 138 for winding 
segments having the same size and other characteristics. The embodiment of FIGS. 4 
and 5 also enables an operator to have better physical access to patient p than is 
provided with the configuration of FIGS. 2, 3. Further, the embodiment of FIGS. 4 
and 5 is less confining to the patient, to r-ednrc* psychological stress on the 
patient . 

Detailed Description Paragraph Right (27) : 

In accordance with a further embodiment, illustrated in FIGS. 6 and 7, main DC 
excitation coil 32 includes spaced pancake-like winding segments 170 and 172. 
Segments 170 and 172 extend parallel to each other and are spaced from each other by 
an amount sufficient to enable bed 128 and patient P to fit between them. Winding 
segments 170 and 172 and compensating coils 154 are arranged so that the common axis 
178 of rotational symmetry thereof is orthogonal to both radiotherapy beam axis 122 
and gantry axis 116 about which linear accelerator 118 turns. Consequently, beam 104 
passes without obstruction between winding segments 170 and 172 to obviate the need 
for a central opening in the winding segments. (In FIGS. 6 and 7, only winding 
segments 170 and 172 of coil assembly 32 are illustrated, but rf coil 42, gradi ent 
coils 50 and leakage compensation coils 54 are fixedly mounted with coil assembly 
32, as described supra in connection with FIGS. 2 and 3.) Winding segments 170 and 
172 and the coils carried by them are fixedly mounted to gantry 110 by struts 174. 

Detailed Description Paragraph Right (28) : 

Coil winding segments 170, 172 produce ma in DC magnetic field lines 176 that extend 
at T-i ght angles to radiotherapy beam axis 122. Because there is no central opening 
in winding segments 170, 172, the strength of the main DC magnetic field produced by 
winding segments 170, 172 is greater than the main DC magnetic field strengths 
produced by winding segments 136, 138 or 160, 162 in the embodiments of FIGS. 2 and 
3 or FIGS. 4 and 5, for the same characteristics of all three sets of winding 
segments . 

Detailed Description Paragraph Right (29) : 

All of winding segments 170, 172, rf coil 42, gradient coils 50 and leakage field 
suppression coils 54 are arranged in each of the embodiments of FIGS. 2 and 3, 4 and 
5 and FIGS. 6 and 7 such that radiotherapy beam 104 is not incident on any portions 
thereof. If the radiotherapy beam were incident on any portions of the coils, 
secondary X-rays would be produced with detrimental effects on patient p. In 
addition, there would be an inefficient waste of the radiotherapy beam energy on the 
incident coil parts. 

Detailed Description Paragraph Right (30) : 

In the embodiments of FIGS. 4 and 5 and 6 and 7, wherein the coils are mounted on 
gantry 110 so the coils rotate with the gantry about axis 116, the angular position 
of coils 32 can be determined at all times. This result is achieved by monitoring 
the angular position of gantry 110 by mounting a conventional angular posi tion 
detector (not shown) on the gantry about axis 116. The angular position detector for 
gantry 100 supplies a signal indicative of gantry angular position to spectrometer 
and display unit 48. Unit 48 responds to the signal indicative of gantry, angular 
position to compensate for variations in the magnetic field established by coil 32 
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as the coil is turned to different angular posit ions about axis 116. 



Detailed Description Paragraph Right (31) : 

One possible problem with the embodiment of FIGS. 6 and 7 is that it is difficult 
fo r patient p to get on and off bed 128 between spaced winding segments 170 and 172. 
To solve this problem, winding segments 170 and 172 are physically mounted as 
illustrated in the top view of FIG. 9, wherein the strut 174 which carries winding 
segment 170 is mounted so the strut and winding segment can selectively pivot about 
yprhiral axis 180. To this end, gantry 110 includes shoulder 182 on which one leaf 
of hinge 184 is fixedly mounted. The other leaf of hinge 184 is fixedly mounted to 
strut 174 that carries winding segment 170. In normal operation, when current is 
applied to winding segments 170, 172, hinge 184 is maintained in place by locking 
mechanism 186. Prior to patient p beginning treatment by beam 104 or when treatment 
has been completed, locking 30 mechanism 186 is released and winding segment 170 is 
swung open so patient P can move on to and off of bed 124. 

Detailed Description Paragraph Right: (32) : 

Winding segment 172, maintained in a fixed position at all times on gantry 110, 
carries both of the Y 1 axis gradient coils 186, 187 of assembly 50 and X' and Z 1 
axes gradi ent coils of assembly 50; the other two X* and Z' axis gradient coils 183 
and 185 are carried by winding segment 170, in a manner described supra in 
connection with FIG. 8. 

Detailed Description Paragraph Right (33) : 

The problem of patient p gaining access to and getting off of the patient bed of 
radiotherapy machine 20 in a confined magnetically- shielded treatment enclosure 
because of a close position between the enclosure and the winding segments of coil 
assembly 32 can be resolved by the apparatus illustrated in FIGS. 11 and 12. In the 
apparatus of FIGS. 11 and 12, pati ent P gets on bed 188 at a position remote from 
radiotherapy machine 20. Coils 32, 42, 50 and 52 of magnetic; rpsnnanrp imaging 
system 88 are carried by bed 188. After patient p is placed on bed 188 at the remote 
position, the bed is wheeled into place so that region R desired to be treated is 
positioned along axis 122 of radiotherapy machine 20. The bed is rolled from a 
preparation, bed mounting posit inn to the treatment position at the i socenter of 
machine 20 and system 22. To precisely control the bed position, and, therefore, the 
position of patient p relative to radiotherapy beam axis 122 and gantry rotation 
axis 116, bed 188 is rolled along non-magnetic tracks 190. When bed 188 has been 
rolled into the correct position, the bed is locked onto fixed pedestal 108 of 
machine 2 0 . 

Detailed Description Paragraph Right (34) : 

Then electric and mechanical connections are established between pedestal 108 and 
yoke 192 at the head of bed 188. The mechanical connections lock bed 188 to pedestal 
108 and the electrical connections provide power from power supplies in housing 100 
to coils 32, 42, 50, 52 and signals from signal sources in housing 100 to motors 31, 
33 and 35 as well as to coil 42. Power for imaging and treating is initiated by an 
operator after region R has been posi ti oned at the intersection of axes 116 and 122 
by the operator activating motors 31, 33 and 35. 

Detailed Description Paragraph Right (35) : 

A single patient bed 188 can shuttle back and forth between a single position 
external radiotherapy treatment machine 20 or several such beds 188 can shuttle 
between several external stations and a single treatment machine, as illustrated in 
FIG. 12. The use of several external positions and several patient beds has the 
advantage of enabling the treatment machine to have a greater useful cycle time, 
i.e., a higher duty cycle. 

Other Reference Publication (l) : 

Article by Magin et al . , entitled "Miniature Magnetic Resonance Machines", published 
in IEEE Spectrum on Oct. 1997, pp. 51-61. 

CLAIMS : 

1. In combination, a radiotherapy machine for deriving a radiotherapy bear for a 

region of a subject on a treatment couch, and a magnetic resonance imaging system 

for imaging the region and volumes abutting the -region substantially simultaneously 
with the region being irradiated by the beam, the imaging system including a 
magnetic excitation coil assembly, the magnetic excitation coil assembly including 
first and second spaced segments on opposite sides of the region so an axis of the 
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beam is between the first and second segments, the beam being arranged to be 
propagated along a beam axis, the beam axis being arranged to turn about another 
axis arranged to approximately extend through the region and approximately intersect 
the beam axis, the magnetic excitation coil assembly being mounted independently of 
movement of the beam axis. 

2. The combination of claim 1, further including a treatment murh fnr the Rnhjprh J 
the rmirh including a bed for holding the subject. — the ben being movable for 
enabling the -region to be posit-i nnpd relative to the treatment beam axis. 

3. The combination of claim 1, wherein the first and second segments have a common 
axis substantially coincident with the another axis, the first and second segments 
deriving main magnetic field lines that extend between the first and second segments 
in the same general direction as the common axis, a__£iih^exLL holding structure 
fitting between generally aligned central openings in the first and second segments 
along the common axis. 

4. The combination of claim 1, wherein the first and second segments have a common 
axis substantially at right angles to the another axis, the first and second 
segments being arranged so a subject holding structure is between them, the segments 
producing a main magnetic field having flux lines extending generally in the 
direction of the common axis. 

5. The combination of claim 1, wherein the beam axis and the first and second 
segments are arranged so the beam axis extends through a space between the first and 
second segments and generally at right angles to magnetic field flux lines extending 
between said first and second segments. 

6. The combination of claim 1, further including a magnetic shield structure 
arranged to decouple magnetic fields originating in the radiotherapy machine from 
magnetic fields originating in the magnetic rpsonanrp imaging system. 

8. The combination of claim 6, wherein the shield structure includes: a coil 
surrounding sources of leakage magnetic fields originating in the magnetic resonance 
imaging system, and a power source arranged to electrically excite the coil 
surrounding sources of magnetic fields originating in the magnetic resonance imaging 
system. 

11. The combination of claim 1, wherein the magnetic resonance imaging system 
includes a coil for deriving a main DC magnetic field, the coil being a 

non- superconducting wire wound water cooled coil. 

12. The combination of claim 1, wherein the magnetic resonance imaging system 
includes a coil for deriving a main DC magnetic field, the coil being a 
superconductor . 

16. The combination of claim 1, wherein the magnetic resonance imaging system 
includes a superconducting rf coil . 

17. The combination of claim 1, further including a non-magnetic subject carrying 
structure, the structure being movable to a first region where the machine is 
located from a second region outside of the first region and the structure being 
arranged to be locked in said first region . 

18. The combination of claim 17, further including a non-magnetic track at the 
machine for guiding movement of the structure. 

21. The combination of claim 1, further including a subject carrying structure, the 
magnetic excitation coil assembly being posi tioned to prevent facile access by the 
.subject to and from the structure, a portion of the coil assembly being moveable 
relative to the structure when the coil assembly is not operative, the coil assembly 
being moveable to a position facilitating access by the subj ect to the structure. 

22. The combination of claim 21 wherein a coil portion is mounted in a plane 
extending substantially at right angles to a subject receiving surface of the 
subject carrying structure, the coil portion being pivotable about an axis extending 
in the direction of the plane. 

23. The combination of claim 21, further comprising motors arranged to control the 
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relative pr>.di i-i nn of t-ht* rpginn and the beam by controlling the position of a 
ptnhjprt carrying structure relative to an axis of the beam. 



24. The combination of claim 1, further comprising a detector responsive to changes 
in an output of the magnphip rp.gnnanrp imaging system resulting from protons of 
atoms in the rpg-inn precessing at a frequency determined by magnpf.ir resonance 
excitation thereof and snhjf^t- to de-execution under the influence of radiation 
products of said beam. 

25. In combination, a radiotherapy machine for deriving a radiotherapy beam for a 
region nf a pnihjprt on a treatment rnnrh r anri a magnetic rpgnnanrp -imaging system 
for imaging the reaction and volumes abutting the region substantially 
simultaneously with the region being irradiated by the beam, t-hf* imaging system 
including a magnetic excitation coil assembly, the magnetic excitation coil assembly 
including first and second spaced segments on opposite sides of the region so an 
axis of the beam is between the first and second segments, the beam being arrange to 
be propagated along a beam axis, the beam axis being arranged to turn about another 
axis arranged to approximately extend through the region and approximately intersect 
the beam axis, the magnetic excitation coil assembly being mounted so it mnvp-R with 
movement of the beam axis. 

26. The combination of claim 25, wherein each of the first and second segments has a 
central opening including a common axis, the beam axis extending through the central 
openings of the first and second segments and being generally aligned with the 
magnetic field flux lines extending between said first and second segments. 

27. In combination, a radiotherapy machine for deriving a radiotherapy electron beam 

for a region of a subject on a treatment ooiirh, and a magnetic? resona nce imaging 

system, including a magnetic excitation coil assembly, for imaging the region and 
volumes abutting the region substantially simultaneously with the reaction being 
irradiated by the beam, the substantially simultaneous imaging and beam irradiation 
being each that the radiotherapy electron beam is arranged to be alternately applied 
to and removed from the region while a magnetic field from the coil assembly is 
respectively removed from and applied to the region. 

28. In combination, a radiotherapy machine for deriving a radiotherapy electron beam 
for a region of a mibjert on a treatment couch, and a magnetic resonance imaging 
system for imaging the region and volumes abutting the region substantially 
simultaneously with the region being irradiated by the beam, the magnetic resonance 
imaging system including a superconductor coil for deriving a main DC magnetic 
field, a liquid helium source for cooling the superconductor coil to a liquid helium 
temperature, the substantially simultaneous imaging and beam irradiation being such 
that the radiotherapy electron beam is alternately applied to and removed from the 
■rpgi on while current applied to the coil is arranged to be alternately turned off 
and on, respectively, and further including superconducting leads for applying 
current pulses to the coil, the superconducting leads being leads having a high 
superconducting temperature compared to the temperature of liquid helium. 
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ABPL: 

A noninvasive medical treatment system includes a support-, for supporting a patient in 
a predetermined position and a frequency generator for generating essentially 
monochromatic electromagnetic energy of a frequency selected from a plurality of 
different treatment frequencies predetermined to selectively destroy organic 
molecules of respective types specific to a plurality of different kinds of human 
tissue. A selector is operatively connected to the frequency generator for selecting 
the one frequency from among the different treatment frequencies produceable by the 
frequency generator. The system further comprises radiation transmission and guidance 
components disposed between the frequency generator and the support for directing the 
energy from the frequency generator to predetermined target tissues internal to the 
patient supported on the support-, and for concentrating the energy on the target 
tissues. A scanner is disposed proximate to the support for obtaining 

thrpp-fiimfinciinnal data as to an organic structure internal to the patient so as to 

enabling a posi ti onal tracking of the target region. The scanner including means for 
continually updating the thrp^-di mpnsi onal data during a medical treatment procedure. 
A computer is operatively connected to the scanner for continually monitoring 
location and shape of the organic structure during the medical treatment procedure. 
The computer is operatively connected to at least one of the frequency generator, the 
transmission and guidance components, and the support for controlling that element in 

response to the thr e e - ri i. mens i onal data from the scanner during the medical treatment 

procedure so that the energy impinges on the target tissues for sufficient time to 
effectively eradicate the target tissues, whereby the medical treatment procedure is 
performed despite movement of the organic structure during the medical treatment 
procedure . 



This invention relates to a medical treatment system. More particularly, this 
invention relates to a medical treatment system with scanner_LnpuL. Even more 
particularly, this invention relates to an automatic treatment system with control 
based upon scanner input. This invention also relates to an associated method. 

BSPR: 

Substantial advances have been made in the last twenty years in ascertaining internal 

organic structures without surgery. CAT scanners and nuclear magn^tir r^sonanoe (NMR) 

imaging devices, as well as ultrasonography, have provided the physician with 
powerful tools for use in diagnosing patients. For the most part, these scanners have 
been used solely in medical examinations and diagnosis. However, radiological 
treatment of brain tumors has used imaging equipment to locate target tumors and to 
direct radiation to the target location. In addition, U.S. Pat. No. 5,207,223 
discloses the directing of a necrosis -causing X-ray beam to cancerous target tissues 
upon the locating of the target tissues by the comparison, with reference data , of 
electronic images garnished by diagnostic beams. j 

BSPR: 

Another object of the present invention is to provide such a technique and/or such a 
system which utilizes data obtained with" a thrpp-d-i rnpnsi onal scanning apparatus. ; 

BSPR: 

A noninvasive medical treatment system comprises, in accordance with the present - ' 
invention, a support for supporting a patient in a predetermined posi t i nn and a 
frequency generator for generating essentially monochromatic electromagnetic energy 
of,a frequency selected from a plurality of different treatment frequencies 
predetermined to selectively destroy organic molecules of respective types specific 
to a plurality of different kinds of human tissue. A selector is operatively : 
connected to the frequency" generator for selecting the one frequency from among the 
different treatment frequencies produceable by the frequency generator. The system 
further comprises radiation transmission and guidance components disposed between the 
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frequency generator and t^^^upporJL for directing the enerc^Mrom the frequency 
generator to predeterminecffarget tissues internal to the pl^ent supported on the 
support, and for concentrating the energy on the target tissues. A scanner is disposed 
proximate to the support for obtaining t-Vir-^-rH mensi onal — data, as to an organic 
structure internal to the patient so as to enabling a posi Monai tracking of the 
target region. The scanner including means for continually updating the 
t-hrpp-rHmpngj nn ai Hara during a medical treatment procedure. A computer is 
operatively connected to the scanner for continually monitoring location and shape of 
the organic structure during the medical treatment procedure. The computer is 
operatively connected to at least one of the frequency generator, the transmission 
and guidance components, and the support for controlling that element in response to 
the Mirpp-fiimpnsi nnai tiara from the scanner during the medical treatment procedure so 
that the energy impinges on the target tissues for sufficient time to effectively 
eradicate the target tissues, whereby the medical treatment procedure is performed 
despite movement of the organic structure during the medical treatment procedure. 

BSPR: 

In accordance with a feature of the present invention, the computer includes means 
for identifying a location and a shape of the organic structure after a shift of the 
organic structure, based upon the* thrfip-diimp nsimial <lara from the scanner. The 
computer exemplarily contains an identification module formed by generic computer 
circuit as modified by programming. The computer further includes a coordinate 
determination module for determining a change in posi tional coordinates of the target 
tissues due to the shift of the organic structure and for determining an operational 
modification of the controlled element (one of the frequency generator, the 
transmission and guidance components, and the support-) for delivering the energy to 
the target tissues after the shift of the organic structure. 

BSPR: 

In other kinds of operations, involving a slow movement of an internal organ such as 
the colon, the computer can move the support to realign the target region with the 
focal point of the radiation transmission and guidance components. Alternatively, the 
focusing element (s) may be actuated to adjust the focal point of the radiation to 
coincide with the shifted target region. 

BSPR: 

In accordance with another feature of the present invention, one or more 
photodetectors are disposed proximately to the support for sensing electromagnetic 
radiation emitted from the target tissues in response to excitation thereof by the 
selected treatment frequency. The computer is operatively connected to the 
photodetector (s) for detecting a change in spectral output of the target tissues in 
response to the selected treatment frequency and for interrupting the directing of 
the selected treatment frequency to the target tissues upon detecting such a change. 

BSPR: 

In a more specific embodiment of the invention, the frequency generator is capable of 
generating essentially monochromatic electromagnetic energy of two frequencies 
simultaneously, the selector being operatively connected to the frequency generator 
for selecting the two frequencies from among the different treatment frequencies 
produceable by the frequency generator. The transmission and guidance components are 
disposed between the frequency generator and the support, for directing the two 
frequencies from the frequency generator to the predetermined target tissues internal 
to the patient supported on the support and for concentrating the energy on the 
target tissues. 

BSPR: 

A medical treatment method comprises, in accordance with the present invention, the 
steps of (a) supporting a patient in a predetermine d position, (b) automatically, 
scanning the patient, (c) determining, in response to the step of scanning, 
posi ti onal coordinates -of a three-di mensional target region which is internal to : the 
patient, (d) operating a frequency generator to (I) select a predetermined frequency 
from among a plurality of different treatment frequencies produceable by the 
frequency generator and predetermined to be absorbable by organic molecules of 
respective types specific to a plurality of different kinds of human tissue and (ii) 
to generate essentially monochromatic electromagnetic energy of the selected 
treatment frequency, (e) directing the predetermined frequency to the target region, 
in accordance with the posi ti onal coordinates, (f) concentrating the predetermined 
frequency on the target region, (g) continuing to automatically scan the patient, and 
(h) automatically ceasing the directing of the predetermined frequency to the target 
region upon detecting a change in location of target region in response to the 
continued automatic scanning of the patient. 

BSPR: 

In one procedure pursuant to the invention, the method further comprises 
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automatically determining^Bw posi tinnai coordinates of th^^mrget region after the 
change in location thereoj^ automatically redirecting the predetermined frequency to 
the changed location of the target region in accordance with the new posi i-innai 
coordinates, and concentrating the predetermined frequency on the changed location of 
the target region. 

BSPR: 

In one procedure pursuant to the invention, the method further comprises 
automatically determining when the target region has again attained the posi tional 
coordinates after the change in location of the target region, automatically 
redirecting the predetermined frequency to the target region when the target region 
has again attained the posi ti onal coordinates, and again concentrating the 
predetermined frequency on the target region when the target region has again 
attained the posi ti onal coordinates. 

BSPR: 

A system and method in accordance with the present invention utilizes dalia obtained 
with a continuous scanning apparatus. Thus, the gathering of information and the 
control of surgical operations may be at least partially automated. 

DEPR: 

As illustrated in FIG. 1, a medical treatment system comprises a support 12 for 
supporting a patient P in a predetermined posi ti on and a plurality of radiation 
generators 14 and 16 for generating essentially monochromatic electromagnetic energy 
having one or more distinct frequencies in the microwave, near millimeter, infrared, 
optical, ultraviolet regions of the electromagnetic spectrum. Each radiation 
generator 14 and 16 is connected via a wave guide 18 or 20 to a respective focusing 
device or lens 22 or 24. Lenses 22 and 24 are disposed between the respective 
radiation generator 14 and 16 and patient support 12 for concentrating the 
electromagnetic treatment frequency or frequencies, e.g., microwaves ME1 and ME2, on 
a predetermined focal point FP internal to a target region TR inside patient P. 

DEPR: 

A computer 28 is operatively connected to a CAT scanner or nmp type imaging apparatus 
30, possibly supplemented with ultrasonic imaging, juxtaposed to patient support 12. 
Scanner 30 provides computer 28 with continuously updated rhrpp-rH mpusi on^l 
structural data as to the organs of patient P surrounding target region TR. 

DEPR: 

Computer 28 is also connected to peripheral output devices such as a monitor 4 6 and a 
printer 48 (FIG. 1) for communicating to an operator, e.g., a surgeon, the results of 
three-dimensional scans of patient P. Computer 28 receives additional -input- from a 
keyboard 32 and possible other devices such as a mouse (not illustrated) . Viewing 
thr^R-di mpnsinnal scanned organic structure of patient P on monitor 4 6 and/or on a 
print-out from printer 48, the surgeon or other operator selectively defines target 
region TR of patient P via keyboard 32 and the other instruction i nput devices (not 
shown) operatively linked to computer 28. 

DEPR: 

Target region TR may be additionally or alternatively defined by computer 28 in 
accordance with programming for the automatic identification of internal organic 
structures based on such previously defined parameters as shape, texture, density, 
and location relative to other organs. More specifically, computer 28 may 
automatically identify the location and general shape of a possible target region, 
the identification being implemented, for example, by a color coded outline on 
monitor 46. The surgeon then uses keyboard 32 and/or other input devices to more 
precisely define the boundaries of target region TR. 

DEPR: 

As an alternative or supplement to relocation control units 34 and 36, a shifting 
mechanism 38 is connected to patient support 12 and computer 28 for shifting the 
posi r.i on of the patient P under the control of computer 28, thereby changing thej 
location of the focal point FP relative to patient P. 

DEPR: 

As illustrated in FIG. 2, computer 28 includes several functional modules which are. 
implemented by generic processor circuits modified by programming to perform specific 
functions. In particular, computer 28 includes a target tracking module 50 for 
monitoring and continually updating the location of the predefined target region TR. 
Target tracking module 50 thus enables the completion of an operation on an internal 
organ containing the target region TR despite movement or reconfiguration of the 
organ due to (generally) involuntary muscular contractions of the patient. Target 
tracking module 50 receives continually updated thr^-di mpnsi onal structural .data 
directly from scanner 30, as well as organ location and shape i n forma H on from an 



3 of 7 



organ identifier module 9^Bhich is connected at an input ^»canner 30. Identifier 
module 52 accesses a memory 54 for reference data to compai^rwith the real-time 
1-hrpp-Hi mpnfii nna 1 data from scanner 30. 



DEPR: 

Target tracking module 50 is connected at an input to a target definition module 56 
which receives instructions from keyboard 32 for defining target region T. Target 
definition module 56 is also connected to memory 54 and to scanner 30 for enabling a 
definition of target region TR by computer 28 in accordance with programming for the 
automatic identification of internal organic structures based on such previously 
defined parameters as shape, texture, density, and location relative to other organs. 



DEPR: 

Target tracking module 50 detects when target region TR shifts from an initial 
location and signals a radiation process control module 58 which then terminates or 
interrupts the transmission of the selected treatment frequency or frequencies to the 
patient. To that end, control module 58 is connected to a frequency selector module 
60 in turn connected to frequency generators 14 and 16 (FIG. 1) for arresting the 
emission of the selected treatment frequency or frequencies from frequency generators 
14 and 16. Frequency selector module 60 also implements the selection of the 
different frequencies, for example, one frequency to be produced by generator 14 and 
another frequency to be produced by generator 16. Frequency selector module 60 
additionally implements the setting of treatment parameters including rate of pulsing 
of the selected treatment frequency or frequencies, the interpulse interval, the 
pulse duration and the intensity of the radiation. If computer 28 automatically 
selects the values of radiation parameters radiation process control module 58 sets 
the parameter values in accordance with instructions communicated via keyboard 32 and 
treatment r.ahl es contained in a memory 62. 

DEPR: 

Target tracking module 50 can automatically determine new posi ti onal coordinates of 
target region TR after a change in location thereof This function is particularly 
useful where internal muscle contractions and other organ movements cause an 
effectively permanent shift of the target region from the original location. In this 
case, in response to signals from target tracking module 50, control module 58 
automatically redirects the selected treatment frequency or frequencies to the 
changed location of target region TR in accordance with the new posi ti onal 
coordinates and concentrates the selected treatment frequency or frequencies on the 
changed location of the target region. Radiation process control module 58 is 
operatively connected to a lens operation module 64 which is in turn linked to focal 
point relocation controls 34 and 3 6 for modifying the focal points of lenses 22 and 
24 in response to signals from module 58. A support-, positioning module 66 is 
connected to process control module 58 and shifting mechanism 38 for inducing the 
repositioning of support 12 in accordance with signals from module 58. 

DEPR: 

A plurality of wireless signal emitters 68 are optionally attached to support 12 for 
providing computer 28 with reference points for use by target tracking module 50 and 
organ identifier module 53 to triangulate position coordinates of target region TR 
and the associated organ. Detectors 70 sense the signals produced by emitters 68 and 
communicate spatial locations to target tracking module 50 and organ identifier 
module 52 . 

DEPR: 

As described in U.S. Pat. No. 5,429,144, the disclosure of which is hereby 
incorporated by reference, the myocardium can be effectively revascularized by 
inserting stents directly into the myocardium from the left ventricle. The stents 
define passages or channels which extend from the left ventricle and terminate in the 
heart wall, thereby -enabling the 'delivery of oxygenated blood from the left ventiricle 
directly to the myocardium, bypassing a blocked coronary artery. In accordance with 
the disclosure of U.S. Pat. No. 5,429,144, the recesses or channels are formed in the 
myocardium through the use of intravascular catheters. Those recesses or channel's for 
revascularizing the myocardium may be formed noninvasively with the apparatus of FIG. 
1. In such a procedure, target tracking module 50 alerts process control module 58 
when the target region, a predefined part of the myocardium, returns to initial 
posi ti on coordinates. Module 58 then automatically redirects the selected treatment 
frequency or frequencies to the target region. Generally, a target region in the 
myocardium is irradiated during diastole, i.e., when the heart is relaxed between 
successive contractions. The myocardium- revascularizing channels or recesses formed 
in this procedure are capable of remaining open without the use of stents. It may be 
necessary to perform the radiation-mediated noninvasive operation several times on 
successive occasions to ensure that the channels remain open. The locations of the 
channels formed in a patient's heart wall will be stored by computer 28 for possible 
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use by target def inition^Mule 56 in subsequent operatior 



DEPR: 

The radiological treatment apparatus of FIG. 1 optionally includes a photodetector 
assembly or spectrometer assembly 26 comprising a plurality of individual 
photodetectors or scanning spectrometers 26a, 26b, 26c, 26d disposed proximately to 
patient support-. 12 for detecting electromagnetic radiation ER from the patient P. 
Radiation ER is emitted from organic cellular material at focal point FP in response 
to excitation of the cellular material by the treatment frequency or frequencies, 
e.g., microwaves ME1 and ME2 . Generally, some of the target molecules in target 
region TR which absorb the incoming microwaves ME1 and ME 2 are excited to 
photoluminesce and emit radiation ER. A part of radiation ER escapes through 
overlying organic tissues of the patient P and is detectable by photodetector 
assembly or spectrometer assembly 26 . 

DEPR: 

Computer 28 includes a spectrograph! c analysis module 72 which is operatively 
connected to photodetector assembly 26 for analyzing the signals from the 
photodetector assembly to ascertain a spectral output of the organic cellular 
material which luminesced at focal point FP. Inasmuch as the spectral content of the 
escaping radiation ER is differentially modified by the tissues through which the 
radiation passes, computer 28 is programmed to approximate the original spectral 
content of the radiation emitted by the excited molecular or cellular material at 
focal point FP. To that end, computer 28 is previously programmed to store, in a 
memory 74, known absorption spectra for different kinds of tissue. In addition, 
spectrographic analysis module 72 is provided with three-di mensi nnal structural data 
from scanner 3 0 and organ shape and location inf ormati on from organ identifier module 
52 as to the organs of patient P surrounding target region TR. From the kinds and 
thicknesses of the tissues between focal point FP and a respective unit 26a, 26b, 
26c, or 26d of photodetector assembly 26, computer 28 is able to reconstruct the 
original spectral content of the radiation ER emitted in a photoluminescence process 
by the excited organic material at focal point FP. Photodetector assembly 26 may 
include an array of individual photodetectors (not shown), as described in U.S. Pat. 
No. 5,305,748, the disclosure of which is hereby incorporated by reference. 

DEPR: 

Casing 156 is optionally provided with a plurality of i input ports 168a and 168b 

containing respective photodetectors 170a and 170b (FIG. 4) or optical elements (not 

shown) for transmitting incoming radiation to the photodetectors. 

DEPR: 

Electromagnetic frequency generators 172a and 172b may be laser sources producing 
output radiation transmitted along optical fibers of cable 152 (FIG. 3) to 
collimating lenses 180a and 180b, e.g., in casing 154, upstream of directional 
reflectors 174a and 174b. At any one time, generators 172a and 172b may produce the 
same frequency. In that case, radiation 160a and 160b combine at the target point TP 
to provide a sufficient intensity for not only for stimulating or exciting organic 
molecules within test region TRG but for degrading and destroying those molecules. 
The location of target region TRG or target point TP is determinable by a scanner 
such as scanner 30 in FIG. 1. Alternatively, an optical scanner with pattern 
recognition (see FIG. 5) may function in combination with an ultrasonic or infrared 
distance scanner (FIG. 5) to automatically determine the location of target region 
TRG or target point TP. The scanned is operatively connected to computer 178 for 
providing the computer with three -di mensi onal structural data pertaining to the 
patient's internal organs. As discussed above with reference to FIGS. 1 and 2, 
computer 178 includes modules for tracking target point TP and automatically halting 
the transmission of treatment frequencies in the event of a shift in location or 
shape of an internal organ containing target point TP. Additionally, the target point 
tracking module of computer 178 enables the computer to continually or periodically 
transmit a treatment frequency or frequencies to target point TP despite a movement ■ 
of the target point and output ports 158a and 158b relative to one another. 

DEPR: 

The transmission of multiple treatment frequencies, which impinge upon the same 
organic tissues only at the target point TP, can provide i n forma t-.i on to computer 178 
as to the location of the organic tissues, as described in greater detail hereinafter 
with reference to FIG. 5. Computer 178 is provided with feedback 182a and 182b as to 
the angles of directional transmission reflectors 176a and 176b, thereby enabling 
computation of the location of test region TRG. Components in FIG. 5 which are the 
same as components in FIG. 4 bear the same reference designations. FIG. 5 shows 
additional componentry for enhancing the operation of the medical investigative and 
diagnostic system of FIGS. 3 and 4. 

DEPR: 
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To"" further facilitate thi^Bocating process, a distance se^Big unit or scanner 196 
is disposed in hand held \Sit 150 and is connected to comp^^R: 178. Distance sensing 
unit or scanner 196 incorporates ultrasonic or infrared distance sensors (not 
separately illustrated) to automatically determine the distance of the patient PT 
from casing 156. Concomitantly, computer 178 is able to determine the location of 
test region TRG or test point TP within the patient from the information regarding 
the location of the patient relative to hand held unit 150 and the location of the 
test region TRG relative to the hand held unit. 

DEPR: 

Further locating componentry in the form of a wide angle camera (e.g., a charge 
coupled device or CCD) 198 may be provided on hand held unit 150. Camera 198 is 
connected to a pattern recognition circuit 200 and a position identification 
component 2 02 which co function to determine over what part of the patient PT point TP 
is located. Pattern recognition circuit 200 and posi tion identification component 202 
are incorporated into or connected to computer 178 for facilitating the locating 
function thereof . 



DEPR: 

Computer 178 may select intensity or amplitude measurement results which conform to a 
modulation signal, as sensed by amplifier 192. In additional, a polarization detector 
or analyzer 208 with concentrating i nput elements 210 is connected to an i nput. of 
computer 178 for providing the computer with data pertaining to the polarization 
characteristics of incoming radiation arriving from irradiated regions of the 
patient . 

DEPR: 

The transmission of multiple treatment frequencies, which impinge upon the same 
organic tissues only at the target point PT, can provide information to computer 178 
as to the location of the organic tissues, as described in greater detail 
hereinafter. Computer 178 is provided with feedback 182a and 182b as to the angles of 
directional transmission reflectors 176a and 176b, thereby enabling computation of 
the location of test region TRG. 

DEPR: 

As discussed hereinabove with reference to FIGS. 3 and 4, the investigative system 
may transmit two different frequencies through a patient to a target point TP or test 
region TRG. Each frequency or radiation beam 160a and 160b is transmitted along its 
respective line or path 162a and 162b. Lines 162a and 162b extend through the patient 
at angle al relative to one another. The angle al is determinable by computer 178 by 
input 182a and 182b regarding the orientations of directional reflectors or 
transmitters 174a and 174b. Frequencies or radiation beams 160a and 160b are 
transmitted simultaneously. 

DEPR: 

The determination of which treatment frequencies are to be used for performing a 
particular operation on selected target tissues is made in accordance with 
informs ti on as to tissue spectral responses. These spectral responses are collected 
as described in U.S. Pat. No. 5,482,041, the disclosure of which is hereby 
incorporated by reference. 

CLPV: 

supporting a patient in a predetermined posi ti nn ; 
CLPV: 

determining, in response to said step of scanning, posi tional coordinates of a 
thrpp-fli mensi onal target region which is internal to the patient and which contains 
target tissues; 

CLPV: j 
directing the electromagnetic energy of the selected treatment frequency to said; 
target region, in accordance with said posi ti o nal coordinates; \ 

CLPV : ! 
automatically determining posi t- i onal coordinates of a new target region after th£ 
shift of the target tissues; > 

CLPV : 

automatically determining when the target tissues have again attained said posi H onal 
coordinates after the shift of the target tissues; 

CLPV: 

automatically redirecting said selected treatment frequency to said target region 
when the target tissues have again attained said posi r.i onal coordinates; and 
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CLPV: 

again concentrating said selected treatment frequency on said target region when the 
target tissues have again attained said p^i H nnal coordinates. 

CLPV: 

simultaneously directing said first selected treatment frequency and said second 
selected treatment frequency to said target region, in accordance with said 
pngitinnai coordinates; and 
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